The relationship between climate change, water scarcity, and conflict is still debated. Much of the existing work relating resource scarcity to conflict has involved regional-scale analysis linking instances of violent outbreaks to environmental conditions. But how do individual farmers in Africa define conflict? Do they perceive that conflict will change as a function of water scarcity, and, if so, how? Here, we address these questions by surveying farmers in southern Zambia in 2015, where we asked respondents to define conflict, assessed their perceptions of past and future conflict, as well as perceptions of rainfall and water availability. We find that the majority of our respondents (75%) think of conflict as misunderstandings or disagreements between people and that 91% of our sample has experienced past conflict, 70% expect to experience future conflict, and 58% expect to experience future physical violent conflict. When asked about the sources of conflict, respondents mainly mention land grabbing, crop damage by animals, and politics rather than water related issues. However, we find a significant relationship between perceptions of future rainfall decreasing and future physical violent conflict. These results imply that even though respondents do not think water scarcity is a direct source of conflict, the perception of decreased rain in the future is significantly related to the perception that future conflict and future physical violent conflict will occur.
Introduction
The effects of climate change are expected to negatively impact water and human security, an expectation particularly true for Africa [1, 2] . However, the relationship between climate change, water insecurity, and human conflict is a much-debated topic [3] [4] [5] [6] [7] . The potential impacts of climate change on agriculture, water scarcity, and human security are especially worrisome for rain fed subsistence farmers [8] [9] [10] [11] . The tight coupling between water and food insecurity may lead to negative impacts on physical, psychological, and social well-being ranging from increased anxiety and stress at the individual-level to increases in group-level violence. Water scarcity may also lead to multiple adverse health outcomes, including sanitation problems and increased incidence of waterborne diarrheal diseases that can lead to malnutrition [12] . Here, we investigate the relationship between water needs, perceptions of rainfall, sources of anxiety and stress, and past and future conflict by surveying subsistence farmers in southern Zambia.
The potential for increased levels of anxiety and violence due to climate change is acknowledged in many government reports [1, 2, 8, 13] . These reports state that levels of violence would increase due to climate change, increased resource competition, decreased stability and economic mobility, and Figure 1 presents a conceptual approach to investigate the relationship between rainfall, domestic and crop water demand, household attributes, and environmental perceptions, with perceptions of conflict. Understanding how these factors may interact forms our framework for investigating perceptions of future conflict and violence. We separate out water needs into household/domestic needs and field crop needs. Water storage infrastructure can help buffer water shortages for domestic water needs, but households generally lack sufficient storage or water distribution infrastructure to fulfill crop water demand. Other factors, such as not having access to proximal clean water sources, may exacerbate perceptions of water scarcity and thereby perceptions of potential conflict over water resources. For field crop water needs, farmers are reliant on precipitation as smallholder farmers in the region lack the technical infrastructure for gravity-fed or groundwater irrigation. Our study captures these factors at the household level to disentangle relationships that are masked with regional-scale analyses that relate prevalence of conflict to aggregated social characteristics (i.e., mean income across thousands of agents). Given the tight connection smallholder farmers have to environmental dynamics, it can be expected that environmental resource scarcity would play an outsized role in perceptions of conflict. This may particularly be the case in dryland agro-ecosystems where periodic droughts and mid-season dryspells are not uncommon. However, we acknowledge the possibility that two farmers with the same assets (total land holdings, distribution of land holdings in different soil moisture conditions) may have very different perceptions of conflict due to different past experiences, education, and social networks among other factors. Thus, we use analysis of household-level data to understand the diverse factors related to households' perceptions of conflict.
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Figure 1 presents a conceptual approach to investigate the relationship between rainfall, domestic and crop water demand, household attributes, and environmental perceptions, with perceptions of conflict. Understanding how these factors may interact forms our framework for investigating perceptions of future conflict and violence. We separate out water needs into household/domestic needs and field crop needs. Water storage infrastructure can help buffer water shortages for domestic water needs, but households generally lack sufficient storage or water distribution infrastructure to fulfill crop water demand. Other factors, such as not having access to proximal clean water sources, may exacerbate perceptions of water scarcity and thereby perceptions of potential conflict over water resources. For field crop water needs, farmers are reliant on precipitation as smallholder farmers in the region lack the technical infrastructure for gravity-fed or groundwater irrigation. Our study captures these factors at the household level to disentangle relationships that are masked with regional-scale analyses that relate prevalence of conflict to aggregated social characteristics (i.e., mean income across thousands of agents). Given the tight connection smallholder farmers have to environmental dynamics, it can be expected that environmental resource scarcity would play an outsized role in perceptions of conflict. This may particularly be the case in dryland agro-ecosystems where periodic droughts and mid-season dryspells are not uncommon. However, we acknowledge the possibility that two farmers with the same assets (total land holdings, distribution of land holdings in different soil moisture conditions) may have very different perceptions of conflict due to different past experiences, education, and social networks among other factors. Thus, we use analysis of household-level data to understand the diverse factors related to households' perceptions of conflict. 
Methods and Materials

Study Location
This research was conducted in Zambia, which is a landlocked country in Sub-Saharan Africa that has experienced increased annual variation in rainfall over the last two decades [39, 40] . Climate models generally suggest these impacts will continue in the south African region and increase for at least the next few decades [1] . Within Zambia, the most water scarce region is the Southern Province [39, 40] . The climate regime in the study area is generally characterized as semi-arid with an average annual rainfall of 800 mm [39] . Fluctuations in inter-annual and intra-annual precipitation have the potential to disrupt development of this primarily agrarian-based state [2, 37, 41] , given that livelihood is directly tied to growing maize. Inter-annual precipitation variations, or changes in precipitation levels between years, can negatively impact farmer decision-making due to increased uncertainty. For example, a farmer may plant a short-maturing seed variety if he or she expects the rain season to be short, but when inter-annual precipitation is erratic choosing the most suitable seed variety is increasingly difficult. Intra-annual precipitation variation may also be increasing in Zambia, consisting of high-rainfall but less frequent storm events; these shifts are more difficult to adapt to 
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This research was conducted in Zambia, which is a landlocked country in Sub-Saharan Africa that has experienced increased annual variation in rainfall over the last two decades [39, 40] . Climate models generally suggest these impacts will continue in the south African region and increase for at least the next few decades [1] . Within Zambia, the most water scarce region is the Southern Province [39, 40] . The climate regime in the study area is generally characterized as semi-arid with an average annual rainfall of 800 mm [39] . Fluctuations in inter-annual and intra-annual precipitation have the potential to disrupt development of this primarily agrarian-based state [2, 37, 41] , given that livelihood is directly tied to growing maize. Inter-annual precipitation variations, or changes in precipitation levels between years, can negatively impact farmer decision-making due to increased uncertainty. For example, a farmer may plant a short-maturing seed variety if he or she expects the rain season to be short, but when inter-annual precipitation is erratic choosing the most suitable seed variety is increasingly difficult. Intra-annual precipitation variation may also be increasing in Zambia, consisting of high-rainfall but less frequent storm events; these shifts are more difficult to adapt to given their unpredictable and immediate nature within a growing season [42] . The disruptive impacts of uncertain precipitation are most acutely felt by smallholder farmers who do not have access to irrigation and are reliant on rainfall for their crop water needs. All Zambians are affected by these impacts; however, those closer to urban centers may be less directly impacted by the changing climate. Urban dwellers generally have access to piped water and most may have other jobs besides farming to support their livelihood.
Zambia is also politically stable compared to other countries in the region that are often fraught with social unrest and violence. Zambia achieved its independence from British colonial rule in 1964 and has not had a civil war or major civil uprising to date. The Social Conflict Analysis Database [33] shows only 49 events occurring between 2005-2013, comprised mainly of worker's strikes, political demonstrations, and protests against food price increases. Armed violence did not occur in any of these events, other than a few minor incursions on the Democratic Republic of Congo border. In contrast to past studies of conflict and their respective geographic areas investigated [20, 21, 30, 35] , given Zambia's stability, the country offers a cleaner slate for investigating the relationship between water and conflict.
Household-Level Surveys
Our survey was designed to collect qualitative and quantitative information to contextually ground findings related to water scarcity, conflict, and violent conflict. Galtung [43] [44] [45] describes violence as a triad, where the three components of the triad are (1) structural violence, (2) cultural violence, and (3) direct violence. In this paradigm, direct violence is an event or instance, structural violence is a process, and cultural violence is invariant as it resides within a culture for extensive periods of time. Each component interacts with the other; therefore, to accurately capture what is happening, each component needs to be taken into consideration and probed when investigating conflict. Individual perceptions and experiences with 'conflict' can be especially difficult to measure as it has varied manifestations, both violent and nonviolent [43] . This line of thinking has informed our survey approach, as we rely on extensive face-to-face interviews with a combination of open-ended and closed-ended questions capture some of the rich contextual realities that exist on the ground in southern Zambia.
This study focuses on smallholder farmers in Choma District which the provincial capital of the Southern Province of Zambia. Choma District is characterized by heterogeneous soil fertility and topography, which in aggregate provide variations in household conditions and circumstances across the district. There are 47,714 small-scale farmer households in the district [46] , where the Ministry of Agriculture Planning Unit defines small-scale and emergent farmers as those managing less than 20 hectares. We categorize farmers as smallholders if they plant less than 400 kg of maize seed in the last growing season, where a rough rule is about 20-25 kg of maize seed planted per hectare in Zambia. Farmers in our sample are rain-fed agriculturalists who rely on field crop production for both subsistence and their primary source of income, though they often participate in additional income generating activities. Smallholders in our sample rely directly on precipitation to water their field crops and do not have the capacity for irrigation. Therefore, their perceptions of rainfall are directly associated with expectations for their livelihood and stability. Southern Province is also one of the poorest provinces in Zambia [47] , with limited government services and economic development in the area relative to other provinces.
Our sampling strategy leveraged local formal and informal structures to access respondents. Households were interviewed within a series of Agricultural Camps which are administrative units defined by the Zambia Ministry of Agriculture (Camps hereafter). There are 32 Camps within Choma District [46] . Agricultural activities in camps are coordinated by a Camp Officer and a Community Agricultural Committee [48] . Through these entities smallholder farmers are able to convey their farming needs and receive information on programs including farming subsidies and technical assistance. Seven Camps were sampled in total, as shown in Figure 2 Camp. Interviews were conducted through two local enumerators fluent in the predominant local language (Tonga). Camps are divided into eight Zones each [49] . Zones are drawn based on local-level considerations such as villages within the camp, spatial layout, and traditional governance structures. Zone boundaries do not divide the area equally along a single line of separation; however, they do provide coverage of the entire camp and capture important variations within the camp. Each of eight Zones were sampled within each target Camp. Four respondents from each Zone were sampled, resulting in 32 respondents sampled per Camp, and 224 respondents sampled in total for our study. Our sample size relative to the total population of the Choma does limit the generalizability of our findings to the greater Choma area; we do note that we distributed our sample selection across the Choma District, as shown in Figure 2 . Respondents within each Zone were chosen using the following rules for selection: that respondents were not contacted prior to our arrival at their household; that they would be surveyed at their residence; and that they would not be neighbors.
Data collection occurred in the post-harvest months of June, July and August of 2015, (See Figure  3) . The average completion time for the survey was 35 min. Camps are divided into eight Zones each [49] . Zones are drawn based on local-level considerations such as villages within the camp, spatial layout, and traditional governance structures. Zone boundaries do not divide the area equally along a single line of separation; however, they do provide coverage of the entire camp and capture important variations within the camp. Each of eight Zones were sampled within each target Camp. Four respondents from each Zone were sampled, resulting in 32 respondents sampled per Camp, and 224 respondents sampled in total for our study. Our sample size relative to the total population of the Choma does limit the generalizability of our findings to the greater Choma area; we do note that we distributed our sample selection across the Choma District, as shown in Figure 2 . Respondents within each Zone were chosen using the following rules for selection: that respondents were not contacted prior to our arrival at their household; that they would be surveyed at their residence; and that they would not be neighbors. 
Survey
The survey included questions on socio-demographic information such as age and the number of years the respondent has been a farmer; open-ended questions ranging from the respondent's definitions of conflict to sources of general worries; to closed-ended questions about crop water needs and changes in rainfall patterns. The survey was pre-tested in the field (n = 21) to ensure the validity of each survey question and enumerator training. The predominant language spoken in Choma district is Tonga [47] . Specific Tongan words were tested in an effort to remove bias from the way the questions were asked. For example, kuzwangana (conflict) was selected after multiple trials and discussions to make sure that it did not specify a type or form of conflict.
The survey sections were organized as follows:
• Socio-demographic questions focusing on age, gender, education, household size, etc.
• Open-ended questions focusing on sources of worries, definitions of conflict, and sources of conflict. Respondents were asked to provide their perceptions of whether they had experienced conflict in the past ten years and if they perceived they would experience conflict and violent conflict in the next ten years. If respondents said yes, they were asked about the sources of conflict.
• Questions asking about water needs, specifically focusing on household, crop, and cattle water needs.
• Questions on perceptions of rainfall trends, capturing temporal variations, focusing on the past ten years, last year, and next year.
Informed consent was received from all respondents and respondents were not paid for their participation in our study. See online Supplementary Materials for the survey instrument and anonymized data set.
Respondent Characteristics
In total, 224 households were surveyed, across an area of approximately 4000 square kilometers. Of these, 59.8% of respondents were male, and the average age was 48 years (SD = 15.5 years). Education levels varied from no formal education to college graduate with a standard deviation of 3.4 grade levels and an average level of Grades 7-8 being completed.
The main water sources respondents reported having access to were ponds (70.1%), communal boreholes (67.4%), and rivers or streams (46.0%). Note that respondents were asked to identify all water sources that apply so the sum of all categories is therefore greater than 100%. Only 5.8% said they had access to private boreholes, 4.0% to communal wells, 13.8% to private wells, and 21.4% to dams. Boreholes are narrow vertical shafts drilled using mechanized means with an encased pipe through which water is pumped up by hand. Wells are usually hand dug and lined by bricks or stone from which water is manually drawn up. Wells are more prone to surface contamination depending on surface covering compared to boreholes, but both boreholes and wells are subject to groundwater contamination. 
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Respondent Characteristics
The main water sources respondents reported having access to were ponds (70.1%), communal boreholes (67.4%), and rivers or streams (46.0%). Note that respondents were asked to identify all water sources that apply so the sum of all categories is therefore greater than 100%. Only 5.8% said they had access to private boreholes, 4.0% to communal wells, 13.8% to private wells, and 21.4% to dams. Boreholes are narrow vertical shafts drilled using mechanized means with an encased pipe through which water is pumped up by hand. Wells are usually hand dug and lined by bricks or stone from which water is manually drawn up. Wells are more prone to surface contamination depending on surface covering compared to boreholes, but both boreholes and wells are subject to groundwater contamination.
Median water use per household per day was 140 L or 20.9 L per person, and average trip time spent fetching water both ways per household (no respondent households were tap fed) was 111 min (median 60 min), and 14 min per person per day. Total storage capacity per household for our sample was 239.4 L (with a median 160 L), as aggregated by totaling the number of portable storage containers. See File S1 to review the full dataset.
Ethical Approval and Informed Consent
Indiana University's Institutional Review Board (IRB) reviewed and approved methods used in this research. IRB-approved informed consent was obtained in verbal and written form. The interviewer read the informed consent statement to participants; participants acknowledged consent verbally and by signing the consent document.
Results
Overview
Perceptions of past conflict, future conflict, and future physical violent conflict were analyzed to understand how perceptions of water access and availability influence perceptions of conflict using the following key survey questions: If the response to question b, c, or d was "Yes", then a succession of follow-up questions was asked to investigate the source, type, and impacts of the conflict observed.
The remainder of this section presents results which can be divided into two focal areas: (1) definitions and sources of conflict and (2) modeling perceptions of conflict.
Definition and Sources of Conflict
Respondents' perceptions of-and experience with-'conflict' can be especially difficult to measure as it has varied manifestations, both violent and nonviolent. To determine what our respondent's perception of conflict entailed, we used one open-ended question to elicit their personal definition of conflict. This was done to understand the cultural context of conflict and to make sure that the enumerator and respondent were using a shared definition when discussing conflict and violent conflict. The open-ended responses, shown in Table 1 , were coded using the first two responses from respondents. Two separate coders coded each response and the interrater reliability was high (κ = 0.91). The responses are direct translations from Tonga to English. Misunderstanding, miscommunicating, or not getting along refers to occurrences of verbal or nonverbal conflicts between individuals or groups; verbal fighting or arguing refers to escalated, verbal incursions between individuals or groups; and absence of peace refers to a feeling and/or observation of disruption or unsettledness in the community.
When prompted to provide a personal definition of conflict, 74.6% of respondents described conflict as misunderstandings or miscommunication, rather than more violent manifestations. In fact, no respondent provided a definition that contained any reference to armed violent conflict. These results show the low incidence rate of experience with violent conflict locally. Given this somewhat unique local definition of conflict, our survey drilled into this characterization by asking about sources of experienced conflict and if the respondents anticipated future physical violent conflict to occur. Results of the sum of the first two definitions of conflict provided by respondents.
The majority of respondents (91.1%) reported observing conflict in the past ten years; 70.1% expected to observe conflict in the next ten years; and 57.6% expected to observe physical violent conflict in the next ten years. Of those who reported observing conflict in the past ten years, 70% reported verbal conflict, 7.2% reported physical conflict, and 22.9% reported verbal and physical conflict. Of those expecting conflict in the next ten years, 54.1% expected verbal conflict, 17.8% expected physical conflict, and 24.8% verbal and physical conflict. Respondent-generated definitions of conflict did not contain physical manifestations of conflict; despite this, a third of respondents reported observing some form of physical conflict in the past ten years and more than half expect to observe physical violence in the next ten years. 
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Results of the sum of the first two definitions of conflict provided by respondents.
The majority of respondents (91.1%) reported observing conflict in the past ten years; 70.1% expected to observe conflict in the next ten years; and 57.6% expected to observe physical violent conflict in the next ten years. Of those who reported observing conflict in the past ten years, 70% reported verbal conflict, 7.2% reported physical conflict, and 22.9% reported verbal and physical conflict. Of those expecting conflict in the next ten years, 54.1% expected verbal conflict, 17.8% expected physical conflict, and 24.8% verbal and physical conflict. Respondent-generated definitions of conflict did not contain physical manifestations of conflict; despite this, a third of respondents reported observing some form of physical conflict in the past ten years and more than half expect to observe physical violence in the next ten years. The sources of conflict reported identify several key differences between past conflict, future conflict, and future physical violent conflict. First, the reported sources of conflict are not uniformly consistent across the three questions. There is a distinct shift in source of conflict as the question The sources of conflict reported identify several key differences between past conflict, future conflict, and future physical violent conflict. First, the reported sources of conflict are not uniformly consistent across the three questions. There is a distinct shift in source of conflict as the question moved to future physical violent conflict, where land grabbing is replaced by politics as the top source of conflict. In our study context, land grabbing conflicts can occur as a result of land allocations not meeting a respondent's needs or expectations (which are often controlled by the village Headman), or due to boundary encroachments by a neighbor since most land is not fenced, making property line delineations difficult. Political conflict can occur as a result of ideological differences that manifest as verbal clashes with the potential for physical altercations or political rallies that result in physical violence. These are respondent-generated characterizations drawn from frequently recurring responses to open-ended questions.
Surprisingly, Figure 4 also shows that water issues were not reported as an important source of past or future conflict. We include it in Figure 4 to facilitate discussion in subsequent sections.
Modeling Perceptions of Water Needs, Conflict, and Violence
We use logistic regression to model responses to the three (Yes/No) questions about experience with past conflict, and expectations of future conflict, and future physical violence. These models are used to explore possible correlates to conflict and violence. The model is not intended to predict whether conflict or violence will occur; instead, this procedure is intended to evaluate the strength and impact of perceptions of water scarcity and other independent variables on perceived conflict. The value of conducting this procedure in this way is in the comparisons that can be made between independent variables within each model, and then comparisons between each model. Given the nested nature of the data (four respondents per zone, eight zones per camp, eight camps), we also ran a random effects hierarchical logistic regression, but the results are nearly identical and the simpler logistic regression model demonstrates better fit.
Independent Variables Used in the Model
The independent variables included in our regression model reflect the variables listed in our conceptual model shown in Figure 1 . We include perceptions of household and crop water needs being met (rainfall and water demand variables), perceptions of local environmental conditions such as incidence of sickness from drinking water and expectations for future rainfall trends, household attributes such as access to water storage, and demographic variables to account for differences between our respondents such as their age or gender. We describe each of these variables below to make clear how we measured each variable, what we think the variable represents, and how we expect the variable to impact our dependent variable(s).
Past and future crop water needs being met: Respondents were asked whether or not they thought that their crop water needs had been met in the past ten years, if they were met this year, and if they thought they would be met next year. The crop water needs of rain fed agriculturalists are satisfied solely by precipitation. There are many factors that affect whether these needs have been met by precipitation. For example, how much total rain has fallen? Has the rainfall been consistent or variable? Smallholder farmers rely heavily on their field crop production for subsistence and income earned through excess produce being sold at market. Therefore, field crop productivity directly affects household economic mobility and socioeconomic status [10, 37] . All of these factors combined have the potential to impact social and violent conflict [3, 11, 18, 20, 21] .
Past and future household water needs being met: Household water needs range from drinking water needs to water for cooking and cleaning. Water used for household needs can be extracted from either ground or surface water resources. Similar to crop water needs, respondents were asked whether or not they thought their household water needs had been met over the past ten years, whether they were currently being met, and if they thought they would be met next year or not.
These two factors, past and future crop and household water needs, capture perceptions of basic water needs and differentiates water access by its end use, as shown in Table 2 . A household's water needs not being met can negatively impact their desire to undertake conflict activities in pursuit of water resources, opting instead to maintain collaborative relationships [50] . Needs not being met may also positively impact the potential for conflict activities in pursuit of water [5, 18, 29] . Percentage of households reporting whether their crop and household water needs and crop water needs were met over the past ten years, last year, and if they thought they would be met next year.
Water as a general worry and water as a farming worry: Respondents were asked in two open-ended questions to list their general worries and then their worries specific to farming. The open-ended responses for these two questions were used to create two dichotomous variables measuring worries related to access to water and worries related to farm water. Access to water is coded 1 if the respondent was generally worried about access to water or coded 0 if not. Similarly, Farm water is coded 1 if the respondent stated that they worried about water for farming or 0 if not. A state of worry or anxiety can affect an individual's decision-making, can be a form of intra-personal conflict, and can increase the likelihood of participation in other forms of conflict [22] . Of our respondents, 22.8% said they were generally worried about water, 26.3% were worried about water specifically for farming, 58% did not report either one as a worry, and 7.1% said they were worried about both. To note, 48.7% of people reported that water is a source of anxiety for their household, and 72.8% said the same for their community, although we chose not to include these potentially closely related variables in our model.
Rainfall decrease in future: Past research has demonstrated that decreases in rainfall and extended droughts have the potential to trigger increased incidence rates of violent conflict [7, 27, 30, 51] . Respondents were asked how they thought the annual rainfall amount would change next year compared to last year, with response options of increased rainfall, decreased rainfall, or no change in rainfall. In response, 57.6% expected rain to decrease, 1.8% expected no change, and 40.6% expected rain to increase. Figure 5 shows the change in annual rainfall amounts over the past ten years as measured at the ZARI Mochipapa station near Choma, and weekly rainfall amounts for the 2014-2015 farming season from the same location. Annual totals are calculated from 1 July to 30 June, placing the single rain season in the center of the period. Totals are reported using the year they end in; for example, for 2015, we use the 2014-2015 cycle. Note that crop yield is not only affected by the total amount of annual rainfall, but also when and in what quantities the rains come. This intra-annual variation, shown in Figure 5B while very important, is not captured by the variable "rainfall amount in future". Figure 5A shows a cross-section of precipitation change and depicts: (1) the ten year period that is asked about in the survey questions (dark vertical bars, black trend line); (2) a fifteen year period that includes the five years immediately prior to the surveyed time period (all vertical bars, light gray trend line). The intent of this figure is not to demonstrate a climatological shift, but rather to convey the occurrence of an acute weather phenomenon and evaluate potentially correlated perceptions of the study respondents. The ten year time period is intended to encompass a long enough period that a single year will not skew the assessed period, but recent enough that respondent recollections are reliable. The 15-year period is depicted to disclose any potential resonance or lag effect from precipitation variation that may be present in the ten year, survey period of interest. Sickness: Respondents were asked if they, or any of their family members, have ever become sick from drinking water. This dichotomous variable does not provide the actual incidence of waterborne sickness in the study area, but rather respondents' perceptions of encountering waterborne sickness. In total, 33.0% of respondents reported that their household had experienced sickness, with the majority stating that this had occurred in the past two years (96.0%) and that the source of the water that they consumed that lead to their sickness was a pond or stream (93.2%). When asked what symptoms arose from their experienced illness, 97.3% of respondents said diarrhea. It is estimated that diarrhea is responsible for 7.7% of all deaths annually on the African continent [53] . Nutrition loss due to diarrhea increases the risk of malnutrition and other health issues, particularly for infants and the elderly [12, 53] . The impact of sickness could degrade standard of living, leading to an increase in intra-personal stress and potential for conflict.
Attends water meetings: Local water governance and management meetings are commonly held within each rural village. In general, each village has a water committee that reports to the village headman. Respondents were asked whether or not they attended community meetings where water issues are discussed; "Attends water meetings" is coded 1 if the respondent stated they attended meetings or 0 if not. These forums allow for water issues to be discussed and solutions facilitated by Figure 2 ). (A) Shows the annual rainfall amounts over the past fifteen years (light gray trend line), as well as for the past ten years (black trend line). (B) Shows that the rainfall has significant variation in the growing season (dry-spells) that can lead to crop failure [52] .
Sickness: Respondents were asked if they, or any of their family members, have ever become sick from drinking water. This dichotomous variable does not provide the actual incidence of waterborne sickness in the study area, but rather respondents' perceptions of encountering waterborne sickness. In total, 33.0% of respondents reported that their household had experienced sickness, with the majority stating that this had occurred in the past two years (96.0%) and that the source of the water that they consumed that lead to their sickness was a pond or stream (93.2%). When asked what symptoms arose from their experienced illness, 97.3% of respondents said diarrhea. It is estimated that diarrhea is responsible for 7.7% of all deaths annually on the African continent [53] . Nutrition loss due to diarrhea increases the risk of malnutrition and other health issues, particularly for infants and the elderly [12, 53] . The impact of sickness could degrade standard of living, leading to an increase in intra-personal stress and potential for conflict.
Attends water meetings: Local water governance and management meetings are commonly held within each rural village. In general, each village has a water committee that reports to the village headman. Respondents were asked whether or not they attended community meetings where water issues are discussed; "Attends water meetings" is coded 1 if the respondent stated they attended meetings or 0 if not. These forums allow for water issues to be discussed and solutions facilitated by community leaders in an immediate and visible manner. Such a forum can act as a dispute resolution mechanism and allow for locally tailored solutions to water issues [50] . Given farmers may only attend water meetings if they face a water related issue; we choose to include this variable in our model. In our sample, 70.1% of respondents reported attending water meetings, with a mean frequency of attending 6.6 meetings per year (Median = 3 meetings, SD = 8.2 meetings).
Past and future water disputes: Respondents were asked if they had observed water disputes in the past ten years. Next, they were asked if in the next ten years they expected disputes over water to decrease, increase, or see no change. A water dispute, particularly those occurring at an increased frequency, can lead to further unrest and an increased rate of conflict occurring. The specification of water as the source of the dispute explores directly whether water is observed as a source of friction. Despite less than two percent of respondents naming water as a source of conflict (see Figure 4) , 57 .6% reported observing a dispute over water. Perceptions of future water disputes can also indicate respondent's sense and expectation of water security. Respondent expectations' for future water disputes were: 21.4% expected a decrease, 30.8% expected no change, and 47.8% expected an increase.
Water use per person per day: Respondents were asked to estimate how many liters of water their household consumes each day. Their estimates were used to calculate a per capita use value by dividing their estimate by the total number of members reported to be living at their household (# of liters total/# of household members). The more water used per person potentially indicates greater access to water resources and indicates an expected lower incidence of water stress or water issues arising for household water needs.
Water fetch time per person per day: Respondents were asked how many trips their household makes each day to fetch water, the time it takes in minutes to travel to their main water source, and how many members live at their household. These three variables were used to calculate the time spent fetching water each day per person (# of trips × time per round-trip/# of household members). The more time a household has to spend fetching water, the more likely they are to feel the impacts of water scarcity on household activities and needs [2, 8] . Additionally, time spent fetching water detracts from time that could be spent pursuing economic activities such as farming and gardening, or educational pursuits for young children [54] .
Distance to Choma: The Euclidian distance (the straight-line distance) calculated from the household location of each respondent to the center of Choma Town (Figure 2 ). This variable is a proxy for how far the respondent has to travel to be able to access the town and the services available there (which includes the access to government services, a large market where most sell their goods and purchase manufactured items, etc.). The furthest distance a respondent lived was 38.9 km; the average distance was 23.5 km (SD = 8.9 km).
Distance to Improved Surface Road (ISR): An ISR is defined as any road that is formed by gravel, concrete, asphalt, or other material and is maintained. The variable is a measure of the minimum distance a respondent has to travel in order to access a road. This variable is calculated by computing the Euclidean distance from the location of the household to the distance of the ISR from a shapefile of these roads in Choma [55] . This variable captures variation in access to transportation, and, consequently, other services such as access to health care, government services, etc. The average distance respondents lived from a road was 3.3 km (Median = 2.5, SD = 3.1 km).
Gender and Education: Gender is included because in Zambian rural culture, women interact directly with water more frequently than men [39] . This may result in women having a different understanding of water issues than men; however, there is not a clear theoretical hypothesis for the direction and impact of this relationship. A respondent's level of education can affect their socio-economic position and their understanding of water use and adaptive strategies. Table 3 shows the model results for the logistic regressions predicting past conflict, future conflict, and future physical violence. To note, 91.1% of our sample has experienced past conflict, 70.1% expect to experience future conflict, and 57.6% expect to experience future physical violent conflict. The only variable consistently significant across the three models is attends water meetings, implying if the respondent attended water meetings they were more likely to have experienced past conflict and expect to experience future conflict and future physical violent conflict. This result appears contradictory to the findings of past studies on informal mechanisms for resource management, attending meetings shares a positive relationship with conflict [35, 56, 57] . These studies showed that when communication or positive informal rules and social norms were present, more socially optimal outcomes were achieved. However, when interpreted through local-level contexts and understandings gained from open-ended questions, our results imply that respondents who are attending meetings may be doing so because they are the ones who are facing water issues and conflict. Therefore, this finding, rather than overturning past works, potentially reinforces their conclusions.
Model Results
The regression models reveal other distinct differences in the relationship between water and conflict. For future conflict, having water as a general worry is positively correlated implying that, if a household is worried about water, generally they are more likely to expect future conflict. Similarly, if the respondent expects rains to decrease in the future, they are also more likely to expect future conflict. Households that use more water per person per day are also more likely to expect future conflict.
For future physical violent conflict, we find that having past and expected future crop water needs met is associated with increased expectations of future physical violent conflict. This is a surprising result. One post hoc explanation for this finding from interview notes is that only those farmers whose farming water needs have been met may have the time needed to participate in the reported sources of violent conflict such as politics; however, the validity of this conjecture cannot be confirmed by our study. Water as a farming worry, experiencing perceived waterborne sickness, expecting rains to decrease in the future, experiencing past water disputes, and expecting future water disputes are all positively associated with increased expectations of future physical violent conflict.
Water as a source of conflict did not arise from the open-ended question results shown in Figure 4 , but does emerge in our modeling results for future conflict and future physical violent conflict. For example, if a respondent believes that the total rainfall amount next year will decrease, they are 2.3 times more likely to expect to observe conflict in the future and are 5.9 times more likely to expect to observe future physical violent conflict (these odds ratio values are found by computing the inverse of the natural log of the regression coefficient for the variable rains decrease in future is 2.3 = e 0.83 ). Thus, even though respondents do not think of water access as a direct source of conflict or violence, the models show that perceptions of water access (such as rains decreasing) are strongly associated with expectations of future conflict and future physical violent conflict.
Discussion
In this study, we investigate the relationship between water and conflict in southern Zambia by employing household surveys that used both open-and closed-ended questions. This research provides a more nuanced analysis of conflict through respondent-defined perceptions of different types of conflict. We find many interesting patterns in the data. Our results show the main definition of conflict provided by our respondents is misunderstandings or miscommunication rather than armed struggle or violence, which makes sense given Zambia's relative stability over the past several decades as discussed in the introduction. That said, 91.1% of our sample has experienced past conflict, 70.1% expect to experience future conflict, and 57.6% expect to experience future physical violent conflict. Respondent-generated definitions of conflict did not contain physical manifestations of conflict; despite this, 30.1% reported observing physical conflict in the past ten years, 42.6% expect to observe physical conflict in the next ten years and, when specified as future physical violence in the next ten years, that number increases to 57.6%. This result reveals a disparity between respondents' understanding or mental framework of conflict and their perceptions of past and future physical conflicts. Why this disparity exists is beyond the scope of this study, but it is important to note this difference given our interest in individual understandings of conflict and its relationship to perceptions of water issues.
In the regression models evaluating conflict and violence and their correlates, we find significant positive relationships between expectations of rainfall decreasing in the future and expectations of future conflict and future physical violent conflict. These variables-water as a farming worry, experiencing perceived waterborne sickness, expecting rains to decrease in the future, experiencing past water disputes, and expecting future water disputes-are all positively associated with increased expectations of future physical violent conflict. These correlates provide further context to the potential psychological connections between water scarcity and conflict, but require further investigation to move beyond just correlations. However, in the context of southern Zambia, we do find that a robust link between perceptions of water scarcity and expectations of future physical violent conflict exists among respondents.
Despite the presence of these relationships between water variables and conflict, and recent decreases and variations in precipitation (reference Figure 5A,B) , respondents predominantly do not cite water related issues as sources of conflict and instead list other sources such as land grabbing, crop damage by animals, and politics (recall Figure 4) . Surprisingly, this result is at odds with the findings of the regression models and may be indicative of several potential circumstances, as conceptualized in Figure 1 , that include: the presence of intervening factors in the chain between perceiving experienced water scarcity potential conflict (e.g., having water storage capacity) and local cultural or historical norms that impact perceptions of water scarcity. This list is not exhaustive, but supporting evidence can be found in our data. For example, respondents frequently stated what is known to be a common, local adage: "Water is life." This statement represents an understanding that water is for all to share and should not be denied to a person. While this does not always hold true and respondents discussed violations of this stance (and it does not exactly apply to precipitation for crop needs), it is symbolic of a local disposition. This is especially interesting considering that similar adages do not exist for the sharing of land or political beliefs; the most frequently reported sources of conflict. Additionally, respondents often discussed how, living in a semi-arid environment, potential water scarcity issues are nothing new. This is partially described in Table 2 , particularly for the last ten years. This could lead to desensitization to potential water scarcity issues (a psychological response), or the development of other adaptive mechanisms that attenuate the impacts of potential water scarcity issues (a social, cultural, or physical response). The final result is a set of mixed signals: respondents who report water as a general worry are 2.6 times more likely to expect future physical violent conflict; respondents who expect future rains to decrease are 5.9 times more likely to expect future physical violent conflict; however, less than 1.5% of respondents reported water issues as a source of past conflict, future conflict, or future physical violent conflict.
Perceived and actual adaptive capacity and vulnerability are important factors for perceived or expected conflict, as conceptualized in Figure 1 . For example, if rainfall decreases and a farmer has access to crop irrigation, then they can more readily adapt their farming practice to water scarcity. Similarly, if rainfall decreases and a household has access to a borehole or piped water, then they face less vulnerability in the face of actual water scarcity. Local level contexts and adaptive capacities can influence an individual's vulnerability to water scarcity. In the context of Southern Zambia, irrigation and piped water are mostly not available to smallholder farmers. As a result, smallholders are more vulnerable to variations in rainfall and water access. This does not mean that perceptions of decreased rainfall will lead to increased levels of conflict, as shown by water issues not being cited as a source of conflict by respondents (reference Figure 4) , but our results do indicate that an individual's perception of rainfall is a significant correlate in our regression results, as shown in Table 3 .
Conclusions
The term "conflict" is frequently used in development research and in the media, but it is a term applied with many different meanings. Our research has shown that smallholders have diverse interpretations of what conflict is and the factors contributing to the increased potential for future conflict and violence. Zambia has experienced less violence than other African countries since independence, which may be related to the tendency for smallholders there to think of conflict more as misunderstandings than violence.
Relationships between environmental conditions and prevalence of conflict have been hypothesized and investigated by others through regional-scale studies of conflict. In general, these studies relate regional-scale precipitation patterns to aggregated statistics of conflict from secondary sources. Our research has explored this relationship at the household-level allowing us to directly relate household attributes and individual perceptions of environmental conditions to perceptions of conflict. This household-level approach allows us to get directly at how individual smallholders relate to water and conflict.
We have demonstrated that, while water is not reported as a primary source of conflict, perceptions of water needs not being met and the occurrence of water issues are strongly linked to expectations of future violent conflict occurring. How or why these perceptions are linked remains to be investigated, but, importantly, we demonstrate that they are significantly intertwined. Our approach also highlights a significant challenge of individual perceptions, in what factors come about by directly asking about sources of conflict as well as what emerges from the analysis. Future research is needed to parse out why perceptions of conflict are tied to perceptions of water in Choma District, despite water not being reported as a source of conflict. Our research affirms the fact that the water-conflict nexus is complex and opaque; our work has helped to bring this nexus into greater focus.
